Background: Iron deficiency anemia during pregnancy is a significant public health problem in sub-Saharan Africa (SSA) and is associated with serious adverse health outcomes. Although it is recommended that all women receive iron supplementation during pregnancy, little research has been conducted to measure overall compliance with this recommendation or variation across SSA countries.
Introduction
Globally, 2 billion people are affected by iron deficiency, with sub-Saharan Africa (SSA) carrying the greatest burden (1) (2) (3) . The 2013 Lancet series on Maternal and Child Undernutrition reported that 38% of pregnant women aged 15-49 y were anemic and rates were higher in SSA at 56% compared with high-income countries at 22% (4) . Iron demand increases by 3-fold during pregnancy (3, 5, 6) . It is estimated that 1000 mg of iron daily is required for the mother and fetus throughout pregnancy, which may not be sustainable through regular diet alone, particularly in developing countries where a high burden of food insecurity exists (2, 7) . Although there are a variety of factors that contribute to anemia during pregnancy in SSA, such as malaria, iron supplementation during pregnancy is recognized as a cost-effective and feasible method to help to prevent or ameliorate iron deficiency anemia and adverse pregnancy outcomes (8, 9) . Because many women of reproductive age in SSA begin pregnancy with very little iron stores, daily iron supplementation has become a routine practice as part of antenatal care in anemia control and prevention (10) (11) (12) . Lack of iron supplementation and poor adherence during pregnancy are associated with serious adverse health outcomes such as anemia, premature labor, maternal death, fetal death, low birth weight, postpartum hemorrhage, and poor mental development (13) (14) (15) .
Poor adherence to iron supplementation constitutes a serious public health issue in SSA. Compared with high-income countries where adherence to iron supplementation during pregnancy ranges from 77% in Denmark (16) to 85% in Sweden (17) , adherence has been reported to be as low as 22% in some SSA countries (18) . Previous studies have used ≥90 d cut-off point to determine adherence to iron supplementation during pregnancy in SSA (19) (20) (21) (22) (23) . However, many women in SSA countries do not adhere to iron supplementation during pregnancy due to a lack of knowledge about anemia, inadequate supply of tablets, poor utilization of antenatal care services, inability to pay for supplementation, misinformation about the benefit of supplementation, complaints about side effects, forgetfulness, and poor counseling (19, 21, (24) (25) (26) . To tailor strategies to reduce the burden of iron deficiency-related adverse outcomes among pregnant women in SSA, it is important to understand regional and country-specific variation in the rate of adherence to iron supplementation. Such knowledge would guide prioritization of interventions to the most at-risk countries in SSA and to better understand potential reasons for low adherence. However, these estimates are lacking because most of the previous studies regarding adherence to iron supplementation have focused on only a few countries individually such as Ethiopia, Uganda, and Malawi (6, 19, 20, 22, (27) (28) (29) (30) (31) (32) . Therefore, we aimed to fill this gap in knowledge by conducting a large-scale study of adherence to iron supplementation during pregnancy in 22 SSA countries and associated sociodemographic-economic factors, primarily for purposes of program targeting, using the most recent Demographic and Health Surveys (DHS) data from 2013-2018.
Methods

Data source and participants
For this study we included all SSA countries that participated in the DHS in the most recent 5-y period (2013 -2018) and measured iron supplementation during pregnancy. There were a total of 22 countries that had conducted a DHS survey in the years since 2013 and had asked about iron supplementation during pregnancy. These countries were Angola, Benin, Burundi, Chad, Congo Democratic Republic, Ethiopia, Gambia, Ghana, Kenya, Malawi, Mali, Namibia, Nigeria, Rwanda, Senegal, Sierra Leone, South Africa, Tanzania, Togo, Uganda, Zambia, and Zimbabwe. Each of these 22 countries contributed 1 survey. The DHS program is funded by the US Agency for International Development (USAID) and was implemented by ICF International (ICF). The DHS data are nationally representative surveys with >300 surveys conducted in over 90 developing countries around the world. The surveys were conducted using a multistage cluster sampling, stratified design to collect information about demographics and population health status, neonatal mortality, nutritional status, family planning, maternal and child health, malaria, and anemia in each country (33, 34) . The year of administration of the relevant DHS survey for each country can be seen in Table 1 .
Ethical considerations
All the procedures and questionnaires for standard DHS surveys were reviewed and approved by the ICF Institutional Review Board (IRB) and the IRBs of the host countries. Each participant provided writ-ten and oral informed consent prior to the start of each survey and/or biomarker tests. Survey respondents were not coerced into participation (35) and all the data are Health Insurance Portability and Accountability Act (HIPAA) protected and deidentified. These ethical issues were handled by those who conducted the primary surveys and not the current authors of the manuscript.
Assessment of adherence to iron supplementation (outcome)
Adherence to iron supplementation was the study outcome and was defined as using iron supplementation for ≥90 d during the pregnancy of the most recent birth. This was measured in the DHS data by the number of days when iron supplements (tablets or syrup) were taken as part of antenatal care. The adherence of ≥90 d threshold was chosen in accordance with previous studies (19) (20) (21) (22) .
Assessment of factors associated with iron supplementation adherence
We investigated the following factors to assess whether they were associated with adherence to iron supplementation: number of antenatal care visits, pregnancy status, breastfeeding status, age, education status, marital status, wealth index status, place of residence, employment status, number of living children, household owning a radio, household owning a television, having a prenatal nurse during the most recent pregnancy that led to a birth, and a history of terminated pregnancy (36) . Previous studies reported that these sociodemographiceconomic factors affect women's adherence to iron supplementation in SSA (19, 28, 29, 32, 37, 38) . Based on previous literature, we recategorized the wealth index from 5 quintiles into 3 categories by combining poorest and poorer into one category (called "poor"); middle wealth level into the second category (called "middle"); and richer and richest into the third category (called "rich"), as previous researchers have done (39, 40) . The age of the respondent at the time of the DHS interview was originally measured as a continuous variable and was categorized into 3 categories (15-24, 25-34, and 35-49 y). Number of antenatal care visits was grouped into 3 categories: none, 1-3 visits, and 4 or more visits.
Statistical analysis
We extracted iron supplementation information from the birth dataset for women who had a birth within the previous 5 y of the time of the survey for each country, and then linked this variable to each woman's health history data, using the DHS merging guideline. We then combined the files from the 22 countries into a single dataset. We conducted univariate analyses using frequency distributions for categorical variables to describe the characteristics of the study population. We calculated the prevalence of adherence to iron supplementation among pregnant women as the number of women who reported taking iron supplements for ≥90 d divided by the total number of women interviewed in that category and multiplied by 100. We performed the multivariable analysis using generalized estimating equations with independent correlation structure to identify factors associated with adherence to iron supplementation. To specify the use of the robust variance estimator for Poisson regression, we used the REPEATED statement (in SAS) (41) . We applied sampling weights for the combined dataset for calculation of the descriptive statistics, but not for the regression analyses, as suggested by the DHS guidelines (33) . We present descriptive results as adherence rates and the multivariable Poisson regression results as aPR with 95% CIs. We controlled for country in the aPR analyses and selected Burundi as the reference country because it was the country with the lowest rate of adherence to iron supplementation. We conducted all analyses using SAS version 9.4 (SAS Institute) and R-3.4.3. We assessed statistical significance at P values <0.05.
Results
Sociodemographic characteristics of the respondents
A total of 148,528 women aged 15-49 y were included in this study. More than one-third of the study participants were aged 25-34 y (47.3%) and from poor households (43.0%). In addition, more than half of the survey respondents received ≥4 antenatal care visits in the most recent pregnancy resulting in a live birth (54.9%), resided in rural areas (69.3%), were married/living with a partner (86.9%), currently employed (66.6%), currently breastfeeding at the time of the DHS interview (52.0%), and had a prenatal nurse/midwife (52.0%) at the most recent birth. Approximately 40% of the women had primary education. Women with 1 or more living child aged <5 y at the time of the DHS interview constituted 72.4% of the survey respondents. A majority of the women had a radio in the household (53.0%) but most did not have a television (72.6%).
The adherence rate to iron supplementation
The overall adherence rate to iron supplementation across the 22 SSA countries was 28.7%, (95% CI: 28.5-28.9%), and ranged from (1.4%) in Burundi to (73.0%) in Senegal. Only 6 of the 22 countries we studied had adherence rates higher than 50% (Table 1 and Figure 1) . The rate of respondents who took iron supplements during pregnancy for ≥90 d was highest among women with ≥4 antenatal care visits (40.3%), from a wealthy household (36.6%), living in urban areas (41.2%), and with at least a secondary education (41.0%). Furthermore, adherence to iron supplementation was more common among women who had access to a radio or television in the household (33.1% and 45.6%, respectively) compared with those without such items.
Independent factors associated with adherence to iron supplements
The country of residence was the factor most strongly associated with adherence to iron supplementation (Table 1) . Countries with the highest rates of adherence to iron supplementation were Senegal, followed by Zambia, South Africa, Benin, Ghana, Gambia, Malawi, Namibia, Sierra Leone, Togo, and Zimbabwe. As one would expect, there was a dose-response relation between the number of antenatal care visits and adherence to iron supplementation. Women who received ≥4 antenatal care visits were 26 times more likely to adhere to iron supplementation than those who had no antenatal care visits aPR: 25.73 (95% CI: 22.36, 29.60). In addition, women's education level was an important factor associated with adherence to iron supplementation ( Table 2 ). Adherence to iron supplementation during pregnancy was 17% higher among women with secondary/higher education aPR: 1.17 (95% CI: 1.14, 1.19) compared with uneducated women. Furthermore, a dose-response relation was evident between age and adherence to iron supplementation, where increasing age was positively associated with higher adherence to iron supplementation. Women aged 35-49 y were 7% more likely to adhere to iron supplementation compared with younger women, aged 15-24 y aPR: 1.07 (95% CI: 1.05, 1.10). Similarly, being wealthy was positively associated with a 13% higher rate of adherence to iron supplementation compared with being poor. Additionally, women who had a prenatal care nurse/midwife were 5% more likely to adhere to iron supplementation compared with those who did not. Possession of a television and a radio were each positively associated with adherence, with 4% and 3% higher rates of adherence to iron supplementation aPR: 1.04 (95% CI: 1.01, 1.05) and aPR: 1.03 (95% CI: 1.02, 1.05), respectively. Lastly, living in rural areas was negatively associated with adherence to iron supplementation aPR: 0.97 (95% CI: 0.95, 0.98).
Discussion
Our study indicated heterogeneity and disparities in adherence to iron supplementation across SSA countries. The overall prevalence of ≥90 d iron supplementation adherence during pregnancy was only 28.7%. Previous studies suggest that compliance with iron supplementation during pregnancy helps to prevent and control anemia and reduce neonatal mortality (20, 42) . A study by Pena-Rosas and colleagues (2012) showed that prophylactic iron supplementation reduced the risk of maternal anemia at term by 70% and low birth weight by 16% compared with no iron supplementation (43) . In addition, a study conducted by Habid and colleagues (2009) indicated that noncompliance with iron supplementation was associated with a 6-fold increase in the odds of having anemia during pregnancy (44) . The low rate of adherence to iron supplementation that we found in this study is similar to findings from previous studies conducted in other SSA countries (19, 22, 28, 31, 32, 45) . More importantly, our results indicate substantial variation in adherence to iron supplementation across these 22 countries, with Senegal having the highest rate of adherence. This finding is consistent with a study conducted by Seck and Jackson (2007) that reported an iron supplementation adherence rate of 69% in Senegal (46) . The authors reported that counseling about the benefit of iron supplementation and free distribution of iron tablets led to a significantly increased rate of compliance among Senegalese pregnant women (46) . National wealth and civil wars could also be contributing factors to lower rates. For example, the extremely low rate of iron supplementation (1.4%) observed in Burundi is concurrent with its stagnated poverty since the end of the civil war in 2005 with a current gross domestic product ranking at 169/205 in the world in 2018 (47) . In contrast, Senegal, a stable country with strong economic development, has had iron supplementation programs for nearly 2 decades, resulting in the highest rate of iron adherence (46) .
The association between increased age and adherence to iron supplementation during pregnancy could be explained by older women knowing the benefits of iron supplementation for preventing anemia or having experienced iron deficiency-related adverse outcomes. This observation is consistent with previous studies that found older women to be more compliant with iron supplementation than younger women (48-50). As one would expect, an increased number of antenatal care visits was strongly associated with higher adherence to iron supplementation. This finding aligns with previous studies that also found 4 or more antenatal care visits were positively associated with increased adherence to iron supplementation during pregnancy (51) (52) (53) .
Increased education was positively associated with higher adherence to iron supplementation during pregnancy in this study. Educated women may be more informed about their health and adverse pregnancy outcomes compared with uneducated women. Furthermore, they may have more access to information about the benefits of iron supplementation through reading magazines or books than women who cannot read (19, 28, 37, 44, 54) . We found that family wealth status was positively associated with adherence to iron supplementation during pregnancy. Wealthy women have stronger financial means to pur-chase iron tablets or syrup during pregnancy (19, 28, 37, 44, 54) . The negative association between adherence to iron supplementation and living in rural areas could be due to disparities in access to iron supplementation despite having antenatal care (19) . Interestingly, our study found that adherence to iron supplementation was significantly associated with ownership of a television and/or radio, indicating higher likelihood of exposure to mass media. This was not surprising and aligned with previous studies that found exposure to mass media was significantly associated with adherence to iron supplementation and could be useful in improving adherence (38, 55) . Mass media is the most effective way to spread health messages in low-resource areas, such as SSA (56) .
Study strengths and limitations
The strength of this study is the analysis of a nationally representative sample of women from 22 SSA countries to investigate factors associated with adherence to iron supplementation in these countries. As far as we are aware, this study is 1 of only a few studies using DHS data to examine adherence to iron supplementation across multiple SSA countries. This study adds to the body of literature on adherence to iron supplementation in SSA countries by investigating factors associated with adherence to iron supplementation in these countries. These findings will assist with improving iron deficiency anemia counseling practices and interventions in these countries and the region as a whole. However, the study has some limitations. First, the cross-sectional nature of the survey does not allow the determination of cause-effect relations. In addition, this study was limited to only 22 of the 48 countries in SSA. Despite these limitations, this study provides useful information regarding adherence to iron supplementation and associated factors among women of reproductive age.
Conclusions
The findings from our study indicated a great heterogeneity in adherence to iron supplementation across SSA countries and in relation to women's demographic and personal characteristics. Receipt of antenatal care visits, being older, of higher socioeconomic status, higher education, having prenatal care via a nurse/midwife, and possession of a television and/or radio were independently and positively associated with adherence to iron supplementation. The low rate of adherence to iron supplementation in some of these SSA countries indicates the need for targeted interventions to prevent iron deficiency anemia in pregnancy and associated poor perinatal outcomes. As summarized by Seck and Jackson (2007), the following 3 evidence-based recommendations could potentially improve iron supplementation compliance by pregnant women. First, promote antenatal care visits and improve women's access to the supplements by providing free iron tablets or syrup during antenatal care to women with limited financial means. Second, provide intensive counseling to women during their childbearing years on the health benefits and possible side effects of iron supplementation. Third, women who acquire iron from the pharmacy should also receive appropriate counseling from the pharmacists regarding adherence to iron supplementation.
